R
educing medical errors is a strategic priority for U.S. health care organizations. The Joint Commission on Accreditation of Healthcare Organizations (JCAHO) has established standards in the medical records section of its accreditation manuals and recommends minimizing the use of orally transmitted drug orders and defining a process for validating their accuracy. 1 Although policies for orally transmitted orders have been developed in individual institutions, 2 there are circumstances in which oral orders are necessary. 3 Davis and Cohen 4 have recommended that oral orders be limited to emergencies and situations where there is no other way to communicate or clarify an order.
Errors result from humans' physiological and psychological limitations. Researchers have shown that errors can occur at each step in the medication-use process involving human performance. 5 Causes of human error include fatigue, excessive workload, cognitive overload, poor interpersonal communication, imperfect processing of information, and flawed decision-making. 6 Industries such as aviation increasingly use errormanagement strategies to improve safety. 7 Error management is based on understanding the nature and extent of errors, improving the conditions under which humans work, and adequately training personnel. 8 Handwritten medication orders have long been a focus of attention because of illegible handwriting and faxes. But orally transmitted orders may have an even greater potential for error. Orders given orally can be stated or heard incorrectly; messages can be truncated or misunderstood. Cellular telephones, pagers, and other wireless devices may further increase the chance of errors, as may sound-alike drug names (e.g., Cardene and codeine, Lopid and Slobid). 9, 10 We need to understand how errors in communication can be reduced for both oral and handwritten drug orders. Errors in telephone communication are of significant concern because of the large amount of information exchanged by telephone between pharmacists and other health care practitioners. 4, 11 The study reported here is based on the Skill, Rule, Knowledge (SRK) framework of Rasmussen, 12 which described different cognitive levels used by people in different situations. We developed a valid and reliable data collection instrument to assess pharmacists' perceptions of the environmental, communication, technical, and professional barriers that interfere with accurate communication and interpretation of prescription orders received by telephone. Demographic variables and pharmacy characteristics were also examined to determine if perceptual differences about hospital policies regarding orally transmitted drug orders existed between hospital pharmacy managers and staff pharmacists. Our goal was to identify the conditions NOTES xxxx NOTES Accuracy of drug orders that may affect the accuracy with which telephone-transmitted orders are received and documented. The ultimate use of this information is based on the assumption that appropriate action to improve oral orders must be based on an understanding of what causes errors.
Methods. Instrument development. We identified potential causes of errors in drug dispensing and communication through a literature review. 11, 13, 14 Problems related to qualities and situational circumstances that were considered distractions and suspected as a cause of errors were included. Other items considered for inclusion related to existing hospital policies for oral orders, and these were identified from a review of hospital protocols for handling such orders.
The content validity of the instrument was assessed by an expert panel consisting of three hospital pharmacy directors or managers and two staff pharmacists. They reviewed the items on the questionnaire, contributed additional items, examined protocols and guidelines from local hospitals to determine the scope and content of the questions, and reviewed the revised instrument. The panel agreed that the questionnaire was consistent with relevant literature and the study's objectives.
Face validity was established through pretesting on one group of 10 potential survey respondents who had at least two years of experience in hospital or both hospital and community pharmacy practice. Items were evaluated to ensure that they were understandable and relevant. Four items were added to yield a total of 16 items for the final instrument, which was approved by the institutional review board at The Ohio State University.
Sample. The sample consisted of 250 hospital pharmacy directors or managers randomly selected from a national address database supplied by Medical Marketing Services (Wood Dale, IL). Two mailings were sent to potential respondents. Each mailing consisted of a cover letter indicating the purpose of the survey and ensuring respondent anonymity, five data collection instruments, and a postage-paid return envelope. Directors were asked to respond to one of the five surveys before disseminating the other four surveys to clinical and staff pharmacists in their department. The returned surveys were examined for completeness and dated, coded, and grouped according to hospital location. Surveys were collected from August through November 2003.
Data analysis. We used the method of Churchill 15 to combine items and to identify measures that best represented the underlying domain related to factors affecting the transcribing of oral orders. The 16 items were included in an exploratory factor analysis, whose primary purpose is data reduction and summarization by analyzing the interrelationships among many variables. 16 With sample sizes of approximately 250, the criteria for factor selection consist of eigenvalues of ≥1 (i.e., the amount of variance accounted for by each factor) and a visual examination of the scree plot (i.e., factors with eigenvalues of ≥1 will be above the straight line) to determine where remaining eigenvalues approach a straight line. Cronbach's alpha was used to determine how well items fit together as a measure of internal consistency for the respective dimensions. 17 Scale items with alpha values of ≥0.70 are considered internally consistent. The chi-square test of independence was used to assess perceptual differences between pharmacy managers or directors and staff pharmacists with respect to policies concerning oral orders. A p value of <0.05 for a twotailed test was considered significant. Statistical analysis was performed by using the Statistical Package for the Social Sciences, version 11 (SPSS Inc., Chicago, IL).
The Kaiser-Meyer-Olkin measure of sampling adequacy was used for the final principal-components analysis. 18 The Bartlett test of sphericity was used to determine whether the variables were significantly correlated. Both measures were used to determine the usefulness of the data for factor analysis. Examination of itemto-total correlations and the items' distributional properties (e.g., mean, variance, and p value) were used to determine the usefulness of an underlying factor structure and provided additional support that the items were consistent measures of their proposed constructs and that they were suitable for scale development.
Results. Surveys were returned by 76 pharmacy directors, managers, or supervisors, yielding a response rate of 30.4%. A total of 184 pharmacists responded to the survey. Values for missing items were calculated with the items' mean scores, because the number of missing items was small (less than 2%) and it appeared that respondents overlooked rather than deliberately skipped certain questions. As a check for response bias, early respondents were compared with late respondents with respect to the two mailings of questionnaires. 19 A comparison of these two groups found no significant difference between the pattern of responses for the early and late respondents. In terms of an acceptable sample size for factor analysis, Gorsuch 20 has suggested that the minimum acceptable sample size required for factor analysis is five individuals per variable. The final factor solution was generated with 11 items and approximately 18 individuals for each item. Therefore, the sample size and response rate were acceptable for exploratory factor analysis.
Demographic and hospital characteristics are presented in Table 1 for the 184 respondents. Respondents favored males slightly, with the ages of all respondents ranging from 23 to 69. Respondents had an average of 18.6 years of experience as pharmacists and 14.8 years of experience as hospital pharmacists. Approximately 30% of the respondents worked in a hospital with 100-199 licensed beds. An average of 35 minutes per 8-hour shift and an average of 42 minutes per 12-hour shift were spent resolving problems with orally communicated prescriptions. About 31 dispensing errors occurred per month, with an average of 3.6 of them attributed to called-in prescriptions. The t test for independent samples was used to determine if the mean of the responses for the 11 items differed significantly between directors and staff pharmacists. The results revealed no significant difference for any of the items. Therefore, responses from pharmacy directors and staff pharmacists were combined for the exploratory factor analysis.
The Kaiser-Meyer-Olkin measure of sampling adequacy for the final principal components analysis was 0.81, which indicates that the data provided meritorious sampling adequacy for exploratory factor analysis. 21 The Bartlett test of sphericity was significant (<0.001). Additional support for the factor structure was obtained by examining the item-tototal correlation, as well as the items' distributional properties, such as the mean, variance, and p value. Factor loadings (correlation between the original variables and the dimensions, with higher values indicating higher correlation) for the varimax rotation of the principal component solution are displayed in Table 2 .
Three dimensions-background noise, information exchange, and scheduling-accounted for 65.4% of the variance. Cronbach's alpha was 0.87 for the remaining 11 items, indicating a high degree of internal consistency or a high signal-to-noise ratio (i.e., error variance minimized) across individuals. Four items could not be identified with only one dimension. The deleted items included difficulty understanding the caller because of dialects or accents, the pharmacist's level of concentration, the complexity of the order, and calling in of the prescription by a prescriber's agent (e.g., a nurse or a physician assistant).
The factor structure was further verified by reanalyzing the reliabilities of each of the three dimensions. If the item-to-total correlation improved by removing the item, the item was removed. The item "interruption by others in pharmacy" met the criterion for removal. Item-tototal correlations were 0.768 for background noise, 0.550-0.708 for information exchange, and 0.458 for scheduling. Dimensions with scores above 0.7 are considered desirable. Table 3 presents descriptive statistics (including the item's mean and standard deviation) and Cronbach's alpha for the three subscales. The results for oral-order policies and communication of policy-related issues between directors and staff pharmacists are shown in Table 4 . Significant differences were found between directors and staff pharmacists for oral-order policies, reading back of oral orders to callers, and required countersignatures by the prescriber (χ 2 = 4.34, p ≤ 0.037; χ 2 = 4.07, p ≤ 0.044; and χ 2 = 5.41, p ≤ 0.02, respectively).
Discussion. Very few studies have examined how factors such as background noise and communication barriers affect the accuracy of orally communicated prescriptions. Bates et al. 22 reported that 56% of preventable adverse drug events occurred at (CPOE) has been implemented to improve safety during the order-entry phase. CPOE has reduced and in some cases eliminated some types of medication errors, including those involving drug allergies and drug interactions and those caused by illegible handwritten prescriptions. [22] [23] [24] Because processing oral orders involves two phases, transcription and dispensing, strategies such as electronic prescribing and automated dispensing may be used in tandem to optimize accurate medication distribution. However, JCAHO has also recognized the need for communication between prescribers and pharmacists and addressed the use of oral orders in its national patient safety goals, notably the goal of improving communication between caregivers, as by reading back oral orders. 1 In this study, we grouped factors affecting the accuracy with which oral orders are transcribed into the categories of background noise, information exchange, and scheduling. The problems found with information exchange are consistent with the work of Leape et al., 25 who identified lack of knowledge about drugs and patient characteristics as the major causes of prescribing errors. Scheduling, which included the time of day when the order is called in, had a low reliability value (α = 0.63). Although scheduling and certain times of day were important, the somewhat low reliability score for this measure reveals that other factors not addressed in this study may have been involved. Nevertheless, it is relevant to take into account the variability of the workload throughout the day when scheduling staff. Lesar et al. 26 found that high rates of prescribing errors occurred during daytime hours. Time spent by pharmacists on clarifying and resolving errors can have an effect on the time available for other direct patient care activities.
Characteristics of Respondents and Hospitals
Our results are also consistent with the SRK framework, in which distractions interfere with the ability to understand and transcribe oral orders. Improvements in information technologies (e.g., cellular telephones and voice-activated machines) have increased the opportunities for communication among professionals, yet these same technologies can create new situations in which failure may occur. Our results suggest that general dispensing errors are nine times as frequent as dispensing errors attributed to called-in prescriptions. Although the proportion of errors related to oral orders might appear minimal, it is still too high for health care organizations striving for zero errors.
It is important to look for ways to improve the process of oral ordering and eliminate associated errors. For example, information can be lost or miscommunicated when patients are transferred to other hospital floors or other locations. Even a small piece of misinformation may result in serious errors. The use of recording and Table 3 .
Descriptive Statistics and Scale Evaluation for 11 Items
Mean ± ± ± ± ± S.D. Value Item a a Transcribing barriers were evaluated on a scale from 1 (disagree) to 5 (agree). b α = 0.87. c α = 0.86. d α = 0.63.
People talking in background Background noise b Caller's lack of knowledge about product Pharmacist's lack of knowledge about product Caller's lack of knowledge about patient Pharmacist's lack of knowledge about patient Caller talking too fast Bad telephone connection Confusion over patient information c Number of technicians present Certain times of day d 3.9 ± 1.0 3.9 ± 0.9 3.1 ± 1.0 2.9 ± 1.1 3.4 ± 1.2 3.2 ± 1.0 3.9 ± 1.1 3.4 ± 1.2 3.3 ± 1.0 2.8 ± 1.1 3.1 ± 1.1 xxxx NOTES Accuracy of drug orders playback devices in hospital practice and assigning the task of oral-order transcribing to one specially designated individual may improve accuracy. Although a solution might be to eliminate the use of oral orders, there are instances in which they are necessary. Another strategy recognized by organizations for maximizing the effectiveness and efficiency of the medication-use process is classification of experiences to improve policies and procedures. 27 To be effective, organizations should have these policies in place as set forth by national accrediting agencies, and the policies should be adequately communicated. Because errors are likely when responsibilities are added or changed, 28 orientation sessions may be effective for introducing procedures and policies for exchanging information. Many organizations have adopted multidisciplinary approaches to reducing errors and improving patient safety, but management needs to involve frontline personnel to ensure that policies are appropriate for maximizing patient safety and that they are effectively implemented. Quarterly reviews of departmental policies with staff may be another way to refresh their knowledge and keep them abreast of changes.
This study has several limitations. First, the cross-sectional design precluded opportunities to assess the impact of these factors over time. Second, the response rate was acceptable but might have been higher had there been more mailings. This limitation may account for the somewhat lower reliability for scheduling, consequently restricting further examination of oral-order policies with respect to hospital size. Third, the responses were based on perceptions and self-reports, and respondents may have a predilection to underestimate the actual number of errors. Finally, dispensing errors associated with oral-order transcribing may be attributed to other factors or causes not examined in this study. The list of the factors for causing errors may not be exhaustive.
Conclusion. The most important barriers to pharmacists' ability to transcribe oral drug orders by telephone involved background noise, information exchange, and scheduling. 
